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CHAPTER 5
GENERAL CRITERIA FOR REINFORCED MASONRY

5-1. Introduction. This chapter providesthe genera criteriafor the design of reinforced masonry using the
working stress design method. Generally, a running bond masonry pattern is the basis of the design and
reinforcing requirements contained herein. Running bond is the strongest bond pattern and will be used unless
a stacked bond pattern is essential to the architectural treatment of the building. Additional design and
detailing requirements for stacked bond masonry are contained herein.

5-2. Working stress assumptions. The assumptions for the working stress design of reinforced masonry
are the same as the assumptions used in the working stress design of reinforced concrete.
a. Basic assumptions. The basic assumptions are as follows:

(1) Plane sections remain plane after bending.

(2) Stressis proportional to strain which is proportional to the distance from the neutral axis.

(3) The modulus of elasticity is constant throughout the member in the working load range.

(4) Masonry does not resist tension forces.

(5) Reinforcement is completely bonded so that the strain in the masonry and the strain in the
reinforcement are the same at the location of the reinforcement.

(6) External and internal moments and forces are in equilibrium.

(7) The shearing forces are assumed uniformly distributed over the cross section.

b. Modular ratio. As per the basic assumptions above, the strain in masonry, €,,,, a agiven load is equal
tothe strainin %he reinforci ntg stedl, €s, at the same location.
m S
em:E_:es:E (eq5'l)

Where: m s

f,, = The stressin the masonry, psi.

f, =Thestressin the stedl, psi.

E,, = Themodulus of easticity of masonry, psi.

E, = The modulus of elasticity of stedl, psi.
The modular ratio, n, is given by the following equation.

n- = (eg 5-2)
m
The relationship between f,and f, is then,

E
fo = n(f,) = E—S(fm) (eq 5-3)

c. Transformed sections. When amasonry member is subjected to bending, the masonry above the neutral
axis of the cross section is in compression. The masonry below the neutral axis is assumed cracked. The
transformed section consists of the area of masonry above the neutral axis and n times the reinforcing steel
area below the neutral axis. The transformed area of steel in tension, A, 1IS—

Atrans = (n)(AS) i o _ . (eq 5_4)
When the reinforcement and surrounding masonry isin compression, such as a column with a concentric axial
load, A, 1S ONne of the following—

(1) For long term loading conditions,

Atrans :(Zn -1)As (eq 5'5)
(2) For other than long term loading conditions,
Atrans = (n - 1)As (eq 5'6)

Using n-1 or 2n - 1, rather than n, accounts for the area of masonry in compression being occupied by the
actual steel area.

5-3. Structural properties. The structura properties of hollow concrete masonry units provided in this
manud are based on the minimum dimensions given in ASTM C 90. These properties may aso be assumed
for hollow brick masonry with the same minimum dimensions.

a. Unit types. It is recommended that open-end units, as shown in figure 5-1, be used in all masonry
construction. The open-end unit shown in figure 5-1 meets the requirements of ASTM C 90. The use of
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BOND BEAM TYPICAL UNIT
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Figure 5-1. Open end unit 8 in X 8 in X 16 in.

open-end units allows placement of the vertical reinforcing steel with a minimum number of splices—thus
vertica reinforcement can usually be continuous between supports. The vertical alignment of webs in open-
end units provide large open cells that can be easily grouted. The grouted open-end cells provide good load
transfer and allow for complete grouting of lintels and beams. Masonry units with three webs often have
concave ends which makes it difficult to fully grout a wall. Therefore, when three web units are used in
lintels, masonry beams, and fully grouted walls, grouting at each course level is required.

b. Section properties of reinforced masonry.

(1) Assumed concrete masonry unit dimensions. As a genera rule, the dimensions for hollow CMU
may be assumed as shown in figure 5-2 and given in table 5-1. These values will vary with unit type,
geographic location, and manufacturer; however; they are considered conservative—thus were used in the
design calculations in this manual.

Table 5-1. Assumed dimensions of hollow concrete masonry units and associated dimensions, inches.

CMU NOMINAL { CMU DESIGN | FACE SHELL WEB THICK.
THICK. THICK. THICK. (T) t.) dy (dy) (b,
6 5% 1 1 2.81 — 7%
8 7% 1% 1 3.81 5.31 7%
10 9% 1% 1% 4.81 7.06 T%
12 11% 1% 1% 5.81 8.81 TV%

(2) Equivalent wall thickness. The equivaent thickness for masonry walls with hollow units and varying
grouted cell spacings will be as shown in table 5-2.

Table 5-2. Equivalent wall thickness for computing compression and shear stress parallel to the wall
for hollow concrete masonry units, inches.?

SPACING OF NOMINAL WALL THICKNESS
GROUTED CELLS S,
inches 6 8 10 12
Fully Grouted 5.62 7.62 9.62 11.62
16 3.70 4.90 5.98 7.04
24 3.13 4.10 4.91 5.70
32 2.85 3.70 4.37 5.02
40 2.68 3.46 4.05 4.62
48 2.57 3.30 3.83 4.35
56 2.49 3.19 3.67 4.16
64 2.42 3.10 3.56 4.01
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for hollow concrete masonry units, inches.”—Continued

SPACING OF NOMINAL WALL THICKNESS
GROUTED CELLS S,
inches 6 8 10 12
72 2.38 3.03 347 3.90
No Grout 2.00 2.50 2.75 3.00

'Based on face shells plus one 7% inch wide web per “S” spacing. See figure 5-2a.
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Figure 5-2. Assumed dimensions and effective areas of hollow masonry.
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(3) Effective area. The effective area of hollow masonry used in design vary and are generaly
dependent upon the thickness of the face shells and the cross-webs, the width of grouted core, and the type
of mortar bedding used in construction. Since contractors may use standard two-hole (plain or concave ends)
or open-end concrete masonry units, and since exact configuration may vary between manufacturers, the
precise effective areawill be unknown at the time of design. The assumed effective areas for different loading
conditionswill be asillustrated in figure 5-2. Effective areas for masonry walls loaded in compression or in
shear parallel to the wall are given in table 5-3. The effective area will be adjusted to reflect loss of area
resulting from the use of reglets, flashing, dlip-joints, and raked mortar joints.

Table 5-3. Area effective in axial compression and in in-plane shear, A,’ in®/ft.

SPACING OF NOMINAL WALL THICKNESS
GROUTED CELLS S,
INCHES 6 8 10 12

Fully Grouted 68 92 116 140
16 44 59 72 85

24 38 49 59 68

32 34 44 52 60

40 32 42 48 55

48 31 40 46 52

56 30 38 44 50

64 29 37 43 48

72 28 36 42 47

No Grout 24 30 33 36

! Based on face shells plus one 7% inch wide web per “S” spacing. See figure 5-2a.

(4) Effective width of flexural compression block. The effective width of the flexural compression stress
block of reinforced masonry placed in both running and stacked bond patterns will be asillustrated in figure
5-2. The effective width will not exceed the spacing of the reinforcement, S.

(5) Cracking moment and gross moment of inertia. The cracking moment strength of awall, M, will
be determined as follows:

21
M. = Tg (1b-in)

or (eq 5-7)
Where:
_ f,= themodulus of rupture for calculating deflection equal to 2.5vf, 21/t is the section modulus,

psi.

t = The actua thickness of the wall, inches.

|, =The gross moment of inertia of the wall, in®.
The cracking moment strength along with the gross moment of inertia, 1, are listed in table 5-4 for various
wall thicknesses and reinforcing spacing.

Table 5-4. Gross moment of inertia and cracking moment strength for various widths of CMU walls’. Type S mortar, f,, = 1350 psi.

NOMINAL WALL THICKNESS
WIDTH 6 8 10 12
bZin I, in* M., ft-Ib I, in* M., ft-lb 1, in* M,, ft-Ib I, in* M,, ft-Ib

48 — ' - 1319 2648 2470 3929 4119 5424
40 —_ — 1113 2235 2092 3328 3499 4608
32 377 1027 907 1822 1714 2727 2879 3792
24 290 791 702 1409 1337 2126 2260 2976
16 204 5564 496 995 959 1525 1640 2160

8 119 323 296 593 594 946 1047 1379

!Based on face shells plus one 7% inch wide web per “S” spacing. See figure 5-2a.
24%” ig agsumed to be “S”. It is limited to 6 times the nominal wall thickness, but not more than 48 inches. See figure 5-2b.

(6) Design aids. Section properties of reinforced masonry with type S and N mortars are given in
appendix B, tables B-1 through B-14.

c. Weight of masonry. The design examples and tablesincluded in this manual are based on normal-weight

hollow masonry units. Normal-weight units are assumed to have an oven-dry weight of concrete of 145
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pounds per cubic foot. Weights of lighter-weight units may be obtained by direct proportion to the lighter
weight of concrete being used. Table 5-5 gives the weight of concrete masonry unit walls.

Table 5-5. Weight of CMU walls’, w,, pounds per square foot.

SPACING OF NOMINAL WALL THICKNESS
GROUTED CELLS, S,
inches 6 8 10 12

Fully Grouted 68 92 116 140
16 58 75 92 111

24 53 69 85 102

32 51 65 78 93

40 50 62 75 89

48 49 60 72 85

56 48 58 70 83

64 47 57 69 81

72 46 56 68 80

No Grout 43 50 59 69

Based on normal-weight units having a concrete weight of 145 pounds per cubic foot. An average amount has been added into those
values to include the weight on bond beams and reinforcing.

Table 5-6 gives the average weights, gross and net areas of concrete masonry units.

Table 5-6. Gross areas, net areas and average weights of concrete masonry units ',

LIGHT-WEIGHT
GROSS AREA OF UNIT| NET AREA OF UNIT AGGREGATE ? SAND-GRAVEL
THICKNESS (in) (in?) (in?) (Ibs/unit) AGGREGATE ? (Ibs/unit)
4 57 37 15 20
6 88 50 23 33
8 119 57 28 38
12 182 83 40 56

The values given in this table are average values. Actual values will vary with type of unit and manufacturer. However, these table
values will normally be sufficient for estimating purposes.
2Light-weight units are assumed to have a concrete weight of 105 pcf and sand-gravel units a concrete weight of 145 pcf.

5-4. Working stress design equations. The equations in this paragraph are the basic working stress
equations used in the design of reinforced masonry.

a. Flexural design rectangular sections. The design assumptions, coefficients and cross section geometry
used in the derivation of the flexural design equations for rectangular sections are illustrated in figure 5-3.

£ m fm b
! " ka/3 F—
73 ' N
kd \\ kd
B gl N
© Q. ~
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€, fs/n i
Strain Stress Transformed Section

U. S. ARMY CORPS OF ENGINEERS

Figure 5-3. Working stress flexural design assumptions for rectangular sections.
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(1) Desgn coefficients. In the design of reinforced rectangular sections, the first step isto locate the
neutrd axis. This can be accomplished by determining the coefficient, k, which is the ratio of the depth of the
compressive stress block to the total depth from the compression face to the reinforcing stedl, d. k is derived
by equating the moment of the transformed steel area about the centroidal axis of the cross section to the
moment of the compression area about the centroidal axis as follows:

b(kd)[ % - nA, (d - kd)

Rearranging;
2

bKD" ha_ (@ - ko) - 0

The stedl rgti 0, p, is determined by:
p=A/bd (eq5-8)

Substituting phd for A

bd® _obd(d - ka) - 0
Dividing trough by bd?

k? ~pn(L - k) =0
From which;

k = [ (p2 + 2np [** - np (e 5-9)
The coefficient j, which istheratio of the distance between the resultant compressive force and the centroid
of thetensile for?(e to the distance d, is determined by—

j=1- 3 (eq 5-10)
The balanced sted ratio in the working stress design method, p,, is defined as the reinforcing ratio where the
ged and the masonry reach their maximum allowable stresses for the same applied moment. p, is determined
by the equation 5-11 as follows:

n
Pe = (eq 5-11)
2(F/F ) [n + FJF
Where: ( s/ m) [n s/ m)]

F, = The allowable tensile stress in the reinforcing stedl, psi.
F., = The dlowable flexural compressive stress in the masonry, psi.
(2) Computed working stresses. The working stresses for the steel and the masonry are computed as
follows:
(a) If p<p, thesed gress, f,, will reach its alowable stress before the masonry and equation 5-12
will control.

M .
fg = rjd(pS) (eq 5-12)

(b) If p> p,, the masonry stress, f,,, will reach its alowable stress before the steel and equation 5-13
will control.

fo= 22 (si) (eq 5-13)

kjbd 2
Where:
M = The moment, inch-kips.
b = The width of the member effective in compression as shown in figure 5-2b, inches.
(3) Resisting moments.
(8 The resisting moment for the reinforcement, M, can be determined by substituting the
allowable stedl stress, F, for the computed steel stress in equation 5-12 and solving for the moment.
FAJd
M, - f; (ft-Ib) (eq 5-14)
(b) The resisting moment for masonry, M., can be determined by substituting the alowable
masonry stress, F,,, for the computed masonry stress in equation 5-13 and solving for the moment.
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F kjbd?
My = —2(ft-1b) (eq 5-15)

b. Flexural design T-sections. The coefficients and cross section geometry used in the derivation of the
flexural design equations for T-sections are illustrated in figure 5-4.

(1) Design coefficients. In the design of reinforced T-sections, as in the design of rectangular sections,
the first step is to locate the neutral axis. As with rectangular sections, this can be accomplished by
determining the coefficient k.. k; isderived by assuming that the compressive force in the flange, C, is equa
to the tension force in the reinforcement. The contribution of the portion of the web in compression is small
and can be neglected, therefore if;

T=C
Then,
2k.d -t
Where:
t. = The thlckn&ss of the face shell of the unit, inches.
From the strain compatlblllty relationship it can be determined that;
k. =
Tone (fUF)
Rearranging the equation and solving for fm yields:
= (fs) ———
n(d - k)
Substituting this equgltll on fog fm into equation 5-16 yields;
_p
T np 4 (ts/d) (m 5-17)
The coefficient, j., can be determined by the relationship,
j;d=d-z
Where:

z = The distance from the extreme compressive fiber to the center of compression (or the center
of gravity of the trapezoid shown in figure 5-4) and is determined as follows:

tS
3

From the above equations j; can be determined by:

. 6 - 6(tdd) + 2(tJd)* + (tJd)L/(2pn)]
It = 6 - 3(ts/d) (eq 5'18)

The resisting moments of the steel and masonry are equal to the product of the moment arm, jd, and the
tension or compression force, respectively, therefore:
Q

3Kk,d - 2t
2k d -t

. 2krd—ts
drgy/ ////11 Zde >
A Aot = pbdfs
by
SECTION STRESS

U. S. ARMY CORPS OF ENGINEERS
Figure 5—4. Working stress flexural design assumptions for T-sections.
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FA id
A" LT (9 5-19)
12
And,
Fukdbd® ) ) & (ft-Ib) 5-20
m - 12 2de (aq . )

c. Design for axial compression.

(1) When determining the capacity of a masonry wall element in compression, the compression
reinforcement in the eement will be neglected since its contribution is not significant. Only tied compression
reinforcement, such asin acolumn or pilaster will be consdered effective. The axial stressin a masonry wall,
fa, isfound asfollows:

f, = (b (eq 5-21)

Where:
P = The axia load, Ibs.
Ae2: The area of the element effective in compression as shown in figure 5-2a and obtained from
table 5-3, in”.
(2) The design of columnsin axial compression is given in chapter 9.
d. Design for shear.
(1) For shear design in masonry walls subjected to out-of-plane loading, the shear stress in a masonry
element, f,, isfound as follows:

foo V
v T m (eq 5-22)

Where:

V = The shear load, Ibs.

b, = Thewidth of the masonry element effective in ressting out-of-plane shear as shown in figure
5-2c and given in table 5-1, inches.

d = The depth of the masonry element effective in resisting the shear is shown in figure 5-2c and
given in table 5-1, inches. For one bar per cell, d = d,, and for two bars per cell, d = d.,.

(2) For shear design in masonry walls subject to in-plane loading (shear walls) the shear stressin a

masonry element is found as follows:

fo- V

Where:

V = The shear load, |bs.

A, = The area masonry element effective in resisting in-plane shear as shown in figure 5-2a and
obtained from table 5-3, inches.

5-5. Allowable working stresses. The allowable working stresses for masonry, F.,, (CMU and brick) are
given in table 5-7. These alowables are based on the masonry compressive strength, ', which either have
been assumed or have been determined from prism tests. The assumed f' | values, 1500 ps for solid units and
1350 psi for hollow units, are for type M and type S mortars. If type N mortar is used, f',, will be assumed
to be 1000 psi for al units. The assumed f',, values are reasonable and conservative in that they are in the
range /3 to ¥4 of the prism strength. If the designer needs to use higher masonry strengths than the assumed
values, prism tests may be required. Generaly reinforced masonry will be designed and detailed in
conformance with the assumed values given in table 5-7.
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2

TYPE OF STRESS SOLID UNITS HOLLOW UNITS SOLID AND HOLLOW UNITS

For Grades of Materials £ = 1,500 p513 f'h = 1,350 psi3 £'n
specified?
pe Building Brick: Concrete Masonr For materials where
ASTM C62, Unite: ASTM €90, |[ultimate compressive
Grade MW or SW Type 1 streas (f'm) is
s tablished by
Facing Brick: Glazed Structural |%2 _
ASTM C216, Facing Units: approved prism tests
Grade MW or SW ASTM C126 Type I 3,500 psi.
Concrete Building|Hollow Brick Unit:
Brick: ASTM C55 ASTM €652 Grade
Type 1 MW or SW
Concrete Masonry But Not
Unite: ASTM C90
Type 1 To Exceed
COMPRESSION:
Axial, wWalls, F Equation 5-24 Equation 5-24 Equation 5-24
Axial, Columns, Fy Equation 9-1 Equation 9-1 Equation 9-1
Flexural, Fb 500 450 1/3 f'm 960
SHEAR:
. 5
No Shear Steel: 39 37 1.va'm 50
Full Shear Steel:
Flexural Members 117 111 3.va'm 120
Shear Walle Equatig:gu7;i4 Equati::gu7;14 Equations 7-1 thru 7-4
MODULUS:
Elasticity 1,500,000 1,350,000 1000f'm 3,000,000
Rigidity 00, 000 $40,000 400£' 1,200,000
BEARING:

On Full Area 7 375 338 .25€° 900
Oon 1/3 or less of Area 450 405 .JOE'm 1,050
1All allowable stresses will be increased one-third when wind or seismic forces are
included, provided the required section or area computed on this basis is not less than

that required without wind or seismic forces.

2stresaes will be based on the net section.

Figure 5-3 applies.
3Where prism tests are not performed these values of f',
S mortar when the units comply with the applicable ASTM standard.
used f° will be assumed to be 1000 psi for all units.

may be assumed for types M and
If type N mortar 1is

4Mlnimum compressive strength at 28 days for grout and mortar will be as follows: Grout

= iooo psi, Type § mortar = 1800 pei, Type M mortar = 2500 psi and Type N mortar = 750
psi.
5web reinforcement will be provided to carry the entire shear in excess of 20 pei

whenever there is required negative reinforcement and for a distance of one-gixteenth

the clear span beyond the point of inflection.

6Reinforcement must be capable of taking the entire shear.

TThis increase will be permitted only when the edges of the loaded and unloaded area is
a minimum of one-fourth of the parallel side dimension of the loaded area. The

allowable bearing stress on a reasonably concentric area greater than one-third but less
than the full area will be interpolated between the values given.

Table 5-7. Allowable working stresses in reinforced masonry’.

The stresses in the reinforcing steel will not exceed the values shown in table 5-8.
Table 5-8. Allowable working stresses for Grade 60 reinforcing bars.

TYPE OF STRESS PSI
Tensile 24,000
Compressive 24,000

The allowable axial stress, Fa, can be determined as follows:

F,=0.20f" R 5-24
Where: (& )
R = The stress reduction factor for the wall based on the height to thickness ratio as follows:
12h
R=1- o (eq 5-25)
Where: n

h = The clear height of the wall, feet.

t, = The nominal thickness of the wall, inches.
The stress reduction factor limits the axiad stress on the wall so that buckling will not occur. When analyzing
the top or bottom of awall, where buckling is not a concern, the stress reduction factor should not be used.
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5-6. Basic reinforcement requirements. The design of steel reinforcing bars will be based on the working
stress allowables given in table 5-8.

a. Minimum bar size. The minimum bar size will be No. 4.

b. Maximumbar szes. The most commonly used, and preferred, reinforcing steel bar sizesin CMU walls
areNos. 4, 5 and 6. When the design requires the use of larger bars, the bar size will not exceed No. 6 bars
in 6-inch CMU walls, No. 7 barsin 8-inch CMU walls and No. 8 bars in 10-inch and 12-inch CMU walls.
This provides reasonable stedl ratios, reasonable splice lengths, and better distribution of reinforcement. The
maximum bar size in masonry columns should be No. 9.

c. Maximum flexural reinforcement. There is no maximum flexural reinforcement limit in the working
gress design method, however there is a practical maximum. It is not efficient to use a steel ratio, p, that is
greater than the balanced-stress stedl ratio, p,. Examining the eastic theory shows that reinforcing steel added
to amasonry element with p > p, provides less than one half the added strength the same amount of steel
added to the member with p < p, provides. Although using p > peis not efficient use of the reinforcement,
in someingtances it may be more economical from atotal wall cost standpoint to increase the reinforcement
in lieu of increasing the wall thickness. Thus, the decision to use more than balanced steel becomes an
economic one and should be decided on a case by case basis.

(1) Table 59 listsvaues of p,, k and j for varying values of f'm.

Table 5-9. Balanced reinforcing steel ratio along with k and j for fully grouted CMU in running bond. f, = 60,000 psi.

fm Pe k j
1350 0.0027 0.287 0.904
1500 0.0030 0.287 0.904
2000 0.0040 0.287 0.904
2500 0.0050 0.287 0.904

(2) Table5-10 may be used by designers to determine the bar size and spacing that will achieve a near
balanced-stress ratio for varying wall thicknesses with one bar per cell. The table also provides the depth to
the reinforcement, d; the balance-stress stedl ratio, p, the actual steel ratio, p, and the actual depth of the
compression stress block, kd; using the respective bar size and spacing.

Table 5-10. Balanced reinforcing steel, one bar per cell, fully grouted CMU walls ' in running bond. See figure 5-2 for maximum
effective width. f,, = 1350 psi, fy = 60,000 psi.

CMU THICK .2 d Pe Reinf. = p, Actual p Actual k Actual kd
6 2.81 0.0027 #4 @ 24" 0.0030 0.300 0.84"
#5 @ 40”3 0.0028 0.292 0.82”
8 3.81 0.0027 #4 @ 24" 0.0022 0.264 1.01"
#5 @ 32" 0.0025 0.278 1.06"
#6 @ 48" 0.0024 0.274 1.04"
10 4.81 0.0027 #4 @ 16" 0.0026 0.283 1.36"
#5 @ 24" 0.0027 0.287 1.38"
#6 @ 32" 0.0029 0.296 1.42"
#1 @ 48" 0.0026 0.283 1.36"
12 5.81 0.0027 #4 @ 16" 0.0022 0.253 1.47"
#5 @ 24" 0.0027 0.287 1.67"
#6 @ 32" 0.0024 0.274 1.59"
#7 @ 40" 0.0026 0.283 1.64"
#8 @ 48" 0.0028 0.292 1.70"
When the walls are partially grouted, the design section will sometimes be a T-beam, however, the difference is usually not
significant.

2Masonry unit thicknesses are nominal.
3Note that this spacing exceeds the maximum effective width of six times the nominal wall thickness given in figure 5-2b.

(3) Table 5-11 provides smilar information to that given in table 5-10 for CMU with two bars per cell.
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Table 5-11. Balanced reinforcing steel, two bars per cell, fully grouted CMU walls ! f.. = 1350 psi, fy = 60,000 psi

CMU THICK.2 d Pe Reinf. = p, Actual p Actual k Actual kd
8 5.31 0.0027 #4 @ 16" 0.0024 0.274 1.45"
#5 @ 24" 0.0024 0.274 1.45"
#6 @ 32" 0.0026 0.283 1.50"
#1 @ 40" 0.0028 0.292 1.55"
10 7.06 0.0027 #4 @ 16" 0.0018 0.242 1.71"
#5 @ 16" 0.0027 0.287 2.03”
#6 @ 24" 0.0026 0.283 2.00"
#1 @ 32" 0.0027 0.287 2.03"
#8 @ 40" 0.0028 0.292 2.06"
12 8.81 0.0027 #5 @ 16" 0.0022 0.264 2.33"
#6 @ 24" 0.0021 0.259 2.28"
#7 @ 24" 0.0028 0.292 2.57"
#8 @ 32" 0.0028 0.292 2.57"

'When the walls are partially grouted, the design section will be a T-beam, however, the difference is usually not significant.

2Masonry unit thicknesses are nominal.

(4) Tables 5-9, 5-10 and 5-11 are applicable to partially and fully grouted CMU walls, as stated. In
partidly grouted CMU walls, when the stress block falls below the face shell, that is, when kd > t (givenin
table 5-1), the tables do not apply. With kd > t,, the design will be based on the T-section design method
contained herein. In most cases, when one bar is used per cell, the stress block falls within the face shell and
when two bars are used per cell, the stress block falls outside the face shell. However, for CMU with f' | =
1350 ps, the difference between a T-section beam design and a rectangular section beam design is usually
S0 indgnificant that a rectangular beam design will suffice. When providing two bars per cell, the vertical bars
will be placed outside the horizontal reinforcement. Details will be provided on the drawings showing this
relationship so that the depth to reinforcement assumed in design will be provided during construction. The
details should also provide adequate space to allow grout to be placed and vibrated.

d. Minimum reinforcement. All masonry exterior, bearing and shear walls (structural walls) will be
reinforced as provided below. There are no minimum reinforcement requirements for nonstructural partitions
except around openings as given in chapter 4. In seismic zones 1 through 4, the minimum reinforcement
requirements given in TM 5-809-10/NAVFAC P-355/AFM 88-3, Chapter 13 must also be satisfied.

(1) One vertical reinforcing bar will be provided continuously from support to support at each wall
corner, at each side of each opening, a each side of control joints, at ends of walls, and elsewhere in the wall
panels a amaximum spacing of six feet. This minimum reinforcement will be the same size as the minimum
vertical reinforcement provided for flexural stresses.

(2) Horizonta reinforcement will be provided continuously at floor and roof levels and at the tops of
walls. Horizonta reinforcement will also be provided above and below openings. These bars will extend a
minimum of 40 bar diameters, but not less than 24 inches, past the edges of the opening. For masonry laid
in running bond, the minimum horizonta reinforcement should be one No. 4 bar per bond beam. For masonry
laid in other than running bond, such as stacked bond, the minimum area of horizonta reinforcement placed
in horizontal joints or in bond beams, which are spaced not more than 48 inches on center, will be 0.0007
times the vertical cross sectiona area of the wall. Lintel units will not be used in lieu of bond beam units,
since lintel units do not alow passage of the vertical reinforcement. If the wall is founded on a concrete
foundation wall, the required reinforcement at the floor level may be provided in the top of the foundation
wall.

e. Splices of reinforcement. The length of tension and compression lap splices will be 48d,, where d, is
the diameter of the bar. All other requirements for the development and splices of reinforcement will bein
accordance with ACI 530/ASCE 5.

5-7. Connections between elements. Great care must be taken to properly design and detail connections
between the vertica resisting elements (masonry shear walls) and the horizontal resisting elements
(diaphragms) of the building so that all elements act together to provide an integra structural system. A
positive means of connection will be provided to transfer the diaphragm shear forces into the shear walls. In
designing connections or ties, it is necessary to trace the forces through their load paths and also to make
every connection along each path adequate and consistent with the basic assumptions and distribution of

5-11



TM 5-809-3/NAVFAC DM-2.9/AFM 88-3, Chap. 3

forces. Because joints and connections directly affect the integrity of the structure, their design and
fabrication must be adequate for the functions intended. In designing and detailing, it must be recognized that
the latera forces are not static, as assumed for convenience, but dynamic and to a great extent unpredictable.
Because of this, it isimportant to provide the minimum connections required below even when they are not
specificaly required for design loading. In seismic zones 1 through 4 the minimum connection requirements
given in TM 5-809-10/NAVFAC P-355/AFM 88-3, Chapter 13 must also be satisfied. When the design
forces on joints and connections between lateral force resisting elements are due to wind, the minimum
criteriagivenin TM 5-809-2/AFM 88-3, Chapter 2, will be followed.

a. Forcesto be considered. Forces to be considered in the design of joints and connections are gravity
loads, temporary erection loads; differential settlement; horizontal loads normal to the wall; horizontal loads
paralle to the wall; and creep, shrinkage, and thermal forces; separately or combined as applicable. Bond
beams at roof or floor diaphragm levels must have the reinforcement continuous through control joints to
resist the tensile and compressive chord stresses induced by the diaphragm beam action. The connections
between the diaphragm and chord (bond beam) members must be capable of resisting the stresses induced
by external loadings.

b. Joints and connections. Joints and connections may be made by welding steel reinforcement to
structural steel members, by bolting, by dowels, by transfer of tensile or compressive stresses by bond of
reinforcing bars, or by use of key-type devices. The transfer of shear may be accomplished by using
reinforcing steel extended as dowel s coupled with cast-in-place concrete placed between roughened concrete
interfaces or by mechanica devices such as embedded plates or shapes. The entire shear loading should be
transferred through one type of device, even though a combination of devices may be available at the joint
or support being considered. Maximum spacing of dowels or bolts, for load transfer between elements, will
not exceed four feet. All significant combinations of loadings will be considered, and the joints and
connections will be designed for forces consistent with al reasonable combinations of loadings as given in
TM 5-809-1/JAFM 88-3, Chapter 1. Details of the connections will be based on rational analysis in accordance
with established principles of mechanics.

c. Allowabletension and shear on bolts. The dlowable |oads for plate, headed, and bent bar anchor bolts
embedded in masonry will be determined in accordance with the criteriain ACT 530/ASCE 6. Tables 5-12,
5-13 and 5-14 were developed using that criteria.

Table 5-12. Allowable tension in bolts, B, in pounds, based on the compressive strength of masonry.

1, ' or 1,.2, inches ?
£, psi 2 3 4 6 7 8 9 10
1350 230 520 920 2080 2830 3690 4670 5770
1500 240 550 970 2190 2980 3890 4930 6080
2000 280 630 1120 2530 3440 4500 5690 7024
2500 310 710 1260 2830 3850 5030 6360 7850
3000 340 770 1380 3100 4220 5510 6970 8600

11, is the embedment length of the bolt, as shown in figure 5-5. It shall not be less than 4 bolt diameters.

21,. is the edge distance, as shown in figure 5-5.

3When the spacing between bolts is less than two times 1,, the allowable loads will be reduced in accordance with the requirements
in ACI 530/ASCE 6. When 1, is less than 1, or the distance to an ungrouted cell, the allowable loads will be reduced in accordance
with the requirements in ACI 530/ASCE 6.
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Figure 5-5. Effective embedment, 1,, and edge distance, 1,,

Table 5-13. Allowable tension in bolts, B,, in pounds, based on a steel yield strength of 36,000 psi.
BOLT DIAMETER, inches

% % % 1 1%
2210 3180 4330 5650 7160

Table 5-14. Allowable shear, B, ", in pounds, based on the listed value of f, and a steel yield strength of 36,000 psi.

BOLT DIAMETER, inches
£, psi % % % 1 1%
1350 1330 1730 1870 2000 2120
1500 1330 1780 1920 2050 2180
2000 1330 1910 2060 2200 2330
2500 1330 1910 2180 2330 2470
3000 1330 1910 2280 2440 2580

1This table is based on an edge distance of 12 bolt diameters or more. Where the edge distance is less than 12 boltz diameter§ the
value of B, will be reduced by linear interpolation to zero at an edge distance of 1% inch. All bolts will be grouted in place with a
minimum of 1 inch of grout between the bolt and the masonry.

d. Cautionary notes for designers and detailers. Avoid connection and joint details which would result
in stress concentrations that might result in spalling or splitting of face shells at contact surfaces. To avoid
stress concentrations, liberal chamfers, adequate reinforcement, and bearing pads should be used. Avoid
direct bearing of heavy concentrated |oads on face shells of concrete masonry units. Avoid welding to any
embedded meta items which might cause spalling of the adjacent masonry, in particular where the expansion
of the heated metd is restrained by masonry. All bolts and dowels which are embedded in masonry will be
grouted solidly in place with not less than one inch of grout between the bolt or dowel and the masonry.
Expansion anchors should not be used in the connection between major structural elements, including the
connection of the horizontal elements (diaphragms) to the vertical elements (shear walls). At tops of piers
and columns, vertica boltswill be set ingde the horizontal ties. When steel beams are connected to masonry,
the connection will allow for the thermal expansion and contraction of the beam. The construction case,
where awide range of temperatures can be expected if the beams are directly exposed to the heat of the sun,
will be considered when determining the temperature differential.
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